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Discovered a Higgs Boson-Remarkably Standard Model
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ATLAS-CONF-2015-044; CMS-PAS-HIG-15-002

However, degeneracy in types of new physics effecting sipgbduction of the Higgs.
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Single Higgs Production

@ Assume new physics heavy.
@ Parameterize new heavy particle via effective operatawden gluons and Higgs.
@ New physics can also shift top Yukawa coupling.

L=k (5 )T+ (152 ) GHVGHN

@ Degeneracy in Higgs production rate.
@ Can alter top Yukawa and add new particles at the same time.
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Single Higgs Production

gg — h rate within 8 of SM predicition

7T

— 8=10%
14 — 8=5%

£=—ke (St (52) GHVGHA

@ Degeneracy in Higgs production rata:+ Kg = 1 reproduces SM Higgs production rate.

@ Need to break degeneracy:
@ Measurdth and/orth.
o Exploit different energy scalings between the SM and nevsjaisycontributions to
the loop.
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Higgs Plus Jet

@ High energy jefpr 2 mnp can resolve physics inside of loop.

@ Much work trying to study this possibility. Try to resolveriew physics is from shift in
Yukawa coupling or new particles in lo0grojearet al JHEP (2014) 1405:022; Azatov, Paul JHEP (2014)
1401:014; Buschmanet al PRD90 (2014) 013010; Buschmaenall JHEP 1502 (2015) 038; Schlafferal EPJ C74 2014 3120;
Banfi, Martin, Sanz JHEP (2014) 1408:053

@ Bounds on new heavy particles quite high, try to simplifg lind use previous EFT.

L=k (S )i+ (52) GHWGHA
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Higgs Plus Jet EFT
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g 107 @ Imposek; +Kg = 1.
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8 @ Can see some deviation in tail.
10 .
@ Some questions:
@ How well is SM distribution
predicted?
101 - & How well does the EFT work?
1

PR SR B T S PR S B T R
0 200 400 600 8(

Schlaffer, Spannowsky, Takeuchi, Weiler, Wymant, Eurhy74

(2014) 10, 3120
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Effectiveness of EFT

5 SEE I WL I
—

@ Previous results calculated using a Dimension-5 operator.
hGf G
@ Coefficient calculated by taking exact loop and expandintyim? and keeping LO in the
expansion.

@ How well does this EFT work?

@ Can calculate higher order, dimension-7 operators usirgarder in expansion for

parton-Higgs interactions.

@ Rest of talk:

@ Give overview of the dimension-7 operator basis.

@ First present results in the SM, including NLO QCD effects.
@ Quantify how well it works for new physics.
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Dimension 7 Operators

@ Have Lagrangian:

L= Lom+ (ke —1) (—%)t‘th+£5+L7
@ Dimension 5 operator:
L5 =C101 = C1G),GM*h
@ Four independent Dimension-7 operators relevant for Hmggduction:

L7=73i2345GO0;

0, = DoGfj, DIG4h 03 = fascGo G5 GS°h
N
Oy = gBh3 ! BT WTWTAY;  Os=gsh 5 GRLDMGIY' Ty

i,]=1

@ Not all relevant for Higgs+jet.
@ On-shell Higgs boson can be used to simplify basis.
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Dimension 7 Basis

@ Using Jacobi identities can show for on-shell Higgs boson:
MEO; = —20; 4 49503 + 405
@ Finally, choose basi®1,03,04,05, and the effective Lagrangian is

Lett =C101 + (C303+C404 +C505)

01 = G4, GM4h 03 = fascGy "GV G5 °h
ni¢
O = g2y By TAUT; HTAY; Os=gsh 5 GRD'Ty' T Y

i,]=1
@ SinceOy involves 4 light fermions, contributes to Higgs+jet stagtiat NLO.

@ What are contributions of different operators?
o Use Wilson coefficients from matching to SM.
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LO Relative Contributions

g2, Vs =14TeV, LO qg. Vs =14 TeV, LO qq. Vs =14 TeV, LO
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@ Solid black lines: exact one-loop result in SM.
N

@ Os only contributes t@g — gh: Os = gsh;'/_; Gy DM Y TAY;

@ O3 only contributes tgg — gh: Oz = fapcG G5 VG °h
@ g production important in ta#> Os more important to total distribution.
@ EFT does not work fogq, but subleading effect.
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LO Relative Contributions

Vs =14 TeV, 1LO
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@ O3 makes little differenceOs = fascGy 'G5 G h
@ O helps convergence in taiDs = gsh Zinljle Gi\ DM Y TAY;
@ LHS: Relative deviation from exact result.
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Higher order corrections

@ Higher order corrections have been calculated with dineenSioperator.
@ Used for SM Higgs production at NNL@uriander, Kilgore, PRL88 (2002) 201801; Ravindran, Smith
van Neerven, NPB665 (2003) 325; Anastasiou, Melnikov NFB@4002) 220
@ Used for SM Higgspr distributionanastasiou, Melnikov, Petriello NPB724 (2005) 197; Cat@razzini
PRL98 (2007) 222002; Ravindran, Smith, van Neerven, NPR2882) 247
@ SM HIggS production to ﬁLO Anastasiou, Duhr, Dulat, Herzong, Mistlberger PRL114 &®12001
@ Higgs+jet at NNLOsoughezal, Caola, Melnikov, Petriello, Schulze, arXia®7922

@ New operators could make a difference to in QCD corrections.

o Different operators have different structures.
@ Could effect K-factors.
@ More important in Higgs production with jets than inclusk&ggs production.

@ Will present the numerical results for NLO Higgs+jet protioie with Wilson Coefficient
matched onto SM.

@ Can find equations for virtual corrections with arbitrangfficients inbawson, iL, zeng, PRD90
(2014), 034016
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NLO by channel

s =14 TeV, NLO, gg s =14 TeV, NLO, qg
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@ Operators matched onto SM.

@ Os now makes sub-dominant contributiondginitial state.
o Os=gshy s G DHBY TAY;

@ O3 now makes sub-dominant contributiondginitial state.
o O3 = fagcGIMGEVGE%h

@ Contributions not much changed from LO.
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K-factor by Operator
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® O5=gshy|'|_; G DG Y TAY

® 03= fapcGy*G5 G °h

@ Flat K-factor forOs andO;.

@ Increasing K-factor foO3, but makes relatively small contribution.
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K-factor by Channel
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@ New operators effect K-factor fqrr > 150 GeV.
@ K-factor forqgginitial state separates from other initial statesfgr=> 150 GeV.
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New Physics
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New Physics

--- 4 L
@ Consider two models:
@ Singlet top partner:
_ ) Mt —
L =-— {COSZGL %tLtRh—f—smz 0L TTTLTRh

M . _ . —
+ET sin(20. )t . Trh+ % sin(20. )T trH +H .C.}
@ Colored scalar:
G
V =Vsu(H) + 7@ @ + Tl aH™ —As(9fq)?

@ Work at LO in QCD.
@ Keep SM top quark loops exactly.
@ Integrate out heavy new physics loops and match onto dime+sand -7
operators.
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Triplet Scalar and Top Partner Results
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o Triple scalar couplingy, = 3mz
@ Heavy top-partner mixing: sié_ = 0.26

lan Lewis (SLAC)

EFT for Boosted Higgs

EFT error is relative deviation from exact LO QCD calculatio
Dimension 5 works well fopr < new physics scale..
Results with a few percent of exact result.
Standard Model top quark contribution included exactly.
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Distributions

Differential pr distribution Inclusive cross section with a pr cut
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@ New physics makes little contribution to the differentialimclusive distribution.
@ Inclusive distribution defined as:

do

dpr

@ How big of a new physics effect is needed to make appreciaffeeehce?

0(pT>pTcut):/ dpr
Pt cut
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Scaling Operators

. . . Inclusive cross section with p; cut
Inclusive cross section with pr cut
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@ Red: SM

@ Blue: Scaling of top Yukawa an@; .
@ Violet: Scaling ofOs.

@ Kept single Higgs rate SM like.

@ Scale operators by factor of 25 w.r.t. 500 GeV scalar triplet
@ Difficult to get large effects.

® 01=G}GM"h, 05 = gshZirT,ljle G{,DHT Y TAY;, O3 = fascGo G G °h

@ Red: SM
@ Blue: Scaling of top Yukawa an@;.
@ Violet: Scaling ofOs.
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Conclusions

@ Investigated how higher order operators effect Higgs-jetipction.

@ Standard Model:
@ Dimension-7 operators important and help convergencetfar, 150 GeV.
e Main effect came fron©s which effectsgginitial state.
@ Reproduces exact L@r distribution within 10% forpr < 300 GeV
@ At NLO, dimension-7 operators effect K-factor by a few to Hygent for
pr 2 150 GeV.
@ New physics:
@ Investigated singlet top partner and color triplet scakiemsions of SM,
specifically how important dimension-7 operators are ta#te.
@ Dimension-7 operators made little differencexpdistribution for pr below heavy
particle’s mass.
@ To make considerable contribution pe distributions need very large rescaling of
dimension-7 operators.
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EXTRA SLIDES
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Remarkably Standard Model
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Future Measurements
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Higgs Plus Jet EFT

@ EFT and SM contributions at different energies and so sdfikreht with energy.
o Effect of distributions is different.
@ Simple to keep single Higgs rate SM-like; 4 kg = 1.

L= (T ) (155 ) GHGhA
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Dimension 7 Operators

@ Equations of motion can relate fermion operators to opesatwolving gluons only:

ni
gh 5 BT YW T; — D°GG,DpG P h
i,]=1
i
Os = gh Y GLD“GY'T Y — G4, D'DPGyh
i,]=1

Oy

@ Using Jacobi identities can show for on-shell Higgs boson:
MEO; = —20; 4 4gs03 + 405
@ Finally, choose basi®g = mﬁOl, 03,04, 05, and the effective Lagrangian is
Lett =C101 + (C303+C404 +Cs505)

@ SinceOy involves 4 light fermions, contributes to Higgs+jet stagtiat NLO.
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NLO by operator

Vs =14 TeV, NLO
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@ Oy is still dominant contributionO; = Gfj G*h
@ O more important in the tailOs = gsh gﬂ'jf:l Gi\DHT Y TAY;

@ O3 smallest contributionOz = fagcGy*GEYGSh
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New Physics

@ Besides Standard Model, can check validity of EFT in New jsys
@ Matched singlet top partner and colored scalar models oo DEFT.

Dirac Fermion SU(3) Triplet Scalar SU(3) Octet Scalar
2
Cin) | {1+ 12@J ~ zCn {1+ u J {1+ 15’;ng
gs0isK Os0s 9s0s
Cs(N) - 36011\,;% - 144(1\/|4on - 240\/I§Oh
11Kgas as
Cs() 360r§m§ 360ruv|40h B eomwgoh

@ Kp =sin?8y, 6, is left-handed mixing angle between top and top partner.
@ Cy, =3my is the scalar-scalar-Higgs boson triple coupling.
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Triplet Scalar By Channel

g8 EFT error, y 5 =14 TeV, M,=500 GeV qg EFT error, y s =14 TeV, M,=500 GeV
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@ ggchannel
o Dimension 7 operators make mild ~ © 99 chan.nel _
difference. o Dimension 7 operators, help
@ Help convergence fopr < Ms. convergence.
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Higgs Plus Jet with Top Partner
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Banfi, Martin, Sanz. JHEP 1408 (2014) 053

@ Standard Model: Blue

@ For pr < mr, see overall deviation insensitive to absolute scale of pleysics.
@ For pr 2 mr, deviation changes.

@ With current top partner limits- 700— 800 GeV, suggests using an EFT.
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